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NATIONAL DEVELOPMENTS 


PRESENT, FUTURE APPLICATION OF BCTINTIFIC DECTRLONMAKING 
Heljing GCUANOMING RIBAD in Chinese 16 Dec 80 p } 


[Article by Wang Shouyun (3769 1108 0061): “Using Setence and Technology |» Real lee 
the ‘Sctentifteation’ of Pol teymaking"| 


(Text! “Setentification of dectetonmaking” te a phrase devieed to explain the ar- 
qgument of the “artlatic” method veraus the expertence method of dectatonmaking. Of 
course, condemmation for tasuing willful and confused ordera te aleo tmplted, 


In 1806, the Prusetan @ilitary reformiat Gerhard Johann David von Schernhorat created 
the general etaff syatem, with which he expected to raise military dectatonmaking 
from a kind of “art” to a fleld of actence, The French actent iat Anded Marte 

Amptre proposed the need of a actence to etudy the atate management in a book he 
published in 1845, In the past two centurtes, many have tried to improve the method 
of making deciatons, in an attempt to cause dectatonmaking to be leas and lean a 
matter of “art” and more and more a matter of actence, 


Sctentific dec .s,onmaking wae adopted the earlleat in the realm of military command. 
Sc tenttffeatton of allitary command dectatona means a actentific ayatem of informa- 
tion dectatonmabing and a syatem of advisory ataff policy determination, an well as 
the quantification of the method of dectatonmaking itaelf, The process of actentt- 
fication of @ilitary command decitetonmaking hae had a profound effect on the pro- 
ceen of actentification of dectatonmaking tn the realman of soctety, economy, and 
polittoal affatra, 


Shortcomings exiat in China's current system of making political and economic 
deciatons, but if the knowledge means, end organizational methoda of nat tonal 
defense ecience and technology, which Ghina has developed and mastered, are fully 
utiliged, tt will be posathble to overcome these shortcomings and an important step 
toward eactenttiftcatton of dectatonmaking will have been realized, 


Military information technology should be adopted to serve the actent ification of 
civiltan dectetonmaking ae quickly aa possible, 


For the purpose of making dectatonsa, It Ia neceneary to use a certain method to 
gather, process, tranemit, and utilige information«-«t.e., to eatabliah a certain 
information system, The military information asyatem ta the earliest to be eatab- 
lished end the moat efficient. The oldest syatem of tranamitting Intelligence data 
and ordera te tie fenghuotal [beacon fire] and the measage dliapatcher. The command 














headquartera, using telegraph Lines, te @ syatem established tn the middle of the 
19th century, arly tn the 20th century, the general headquartera ayatem uaing 
radio telecommunteat lone technology wae eatabliahed, Toward the end of the 1950's, 
the modern command control ayatem uaing electronte computere and a data tranemie- 
sion network wae developed, The above ta a aimple pleture of the development of 
the miliiary information ayatem, 


In May 1980, China organized the taformation ayatem of commanding the launching of 
a carrier rocket in the Pacific Ocean, Thie ta a type of nattonwide informat ton 
system managed through the use of electronic computers, It usew electronte com- 
putere and multiple data tranemisston channela, aud it proceeds in a timely manner 
with the gathering, coding, tranemiasion, editing, storage, searching, dliapatch, 
and dieplay of related tnformation diatributed in information sources all over the 
country to aupply the needa of dectslonmaking or to store in a central data bank to 
be randomly accessible to the dectstonmaking organization, The effictency of the 
process between information and dectetonmaking ta thus greatly improved, 


In developed capitaltat countries, thie type of information ayatem, managed by com- 
puters, wae firat developed by the military command department and extended to the 
departments of industry, finance, commerce, trade, and administration at the begin- 
ning of the 1960's, Similar “command control centers” were eatabliahed to form the 
informat ton management system for the purpose of supplying information to manage- 
ment. At present, China remains backward with respect to gathering, tranamitt ing, 
processing, and utilizing management information, Stattetical data are incomplete, 
inaccurate, not very reliable, and slow tn tranemiaaton and feedback; these short — 
comings often cause erros in management deciatonmaking. The technology of the 
comand information syatem of defense technology experiments which has been mastered 
in China can be extended for civillan use to help establiah an information manage- 
ment system for large enterprises, or even an information syatem of the entire 
national economic construction, so that a firm material foundation may be laid for 
actentification of dec tatonmaking. 


Organize and eatablioh a general etaff decisionmaking mechantom with the part tc ipa- 
tion of ectentiate and engineers. 


At the beginning of the 19th century, a relatively perfect general ataff ayetem was 
created for Prussian troops, indicating that there was a need at that time for the 
military commanders’ decisionmaking process to be supported by the collective wia- 
dom of the etaff. Thies ts the firwt important development of the ataff dec taton- 
making mechaniom., During World War Il, there was a massive atruggle on both atdes 
to develop, deploy, and apply advanced military technology. Sctentiata and engineers 
were in urgent demand to participate in the decisionmaking procesn., At that time, 
there were no fewer than 700 actentiate and engineers engaged in the work of atra- 
tegy and policy research in the United States, England, and Canada. Their work 
had a profound effect on the participation of actentiats and engineer in the de- 
ciatonmaking service after the war in every country, Sctentiats and engineers an 
a body became part of the deciatonmaking process, Thin was the second important 
development in the staff decistonmaking mechaniam, In 1948, the U.S. Alr Force 
created the Rand Corporation, In the 1950's, China's department of defense tech- 
nology established a system engineering general design organization, These re- 
present two types of effective forms of development. These (wo forma, an well as 
the ordinary form of general ataff, are indispensable tor a complete ataff de- 
ciatonmaking mechan iam, 

















The Rand Corporation ta a research organization set up to provide Ceochtnteal aervice 
for strategic dectatonmaking, [t studless new concepta, new Ideas, new theoarlen, 

and new methods for the reallzation of optimal dectolonmaking, lt unseen the re 
sulte of ita own research to enrich the whadom of dectalonmaking ageneten, The 
resulta of ite research have had profound effects on the format ton and develop 

ment of U.S, atrategic theortes and nat tonal defense polleton, The Mand Corporat ton 
has become an indispensable “think tank” tn the dectatonmaking chain of UL, mitt 
tary, political, foreign, and soctal affatea, 


In the 1950'u, when China moved forward her plan of developing sophtat teated de 
fense technology, a new type of atatl mechantameoa general dealyo orpganteat lon of 
syetem engineering=-wase t hae made laportant contethbut ton to China's 
succesa in artifictal satellite and guidance mlantlc plana, Thie general deatyn 
organization te to provide technical service for atrategic dectutonmaking, Ut 
takes a series of moves required for th: realleatton of a apectf te planned goal, 
considers them to be systema with atrlet organteattonal atructuresn, and proceeds 
with the programming, design, execution, and coordinatton ao ae to guarantee that 
in the decistonmaking system, every tactic ta technically and economically fteaathle 
and all tactics are mutually coordinated to the extent that certain atandarde may 
be used to determine the optimal form to realize the goal belong planned, tt de 
signe the technical route to realize the apectite plan, the technteoal program, and 
the structure of the target system, Based upon thie type of movement at rate,y, 

the decistonmaking agency makes cholces and implementa the final dectaton, When 
Zhou Enial was alive, he had hopes of applying the experience of the general deatgn 
organization to important engineering construct tons of the nat lonal economy, Mont 
recently, Chinese sctentists and technictans proposed the eatabliohwent of a general 
design organization for the nat tonal economy, so an to extend the object of appli 
cation of the general design organization from tndividual military engineering pro 
jects or economic construct ton engineering planning to the overall planning of the 
national economy. Natural actentisate, social aclentiats, spectallata of engineer ing 
technologies, and management spectaliate are to be organically organteed tato thin 
national economy general design organization to jointly deatgn nat tonal economt: 
construction programs, which are to include tndustrtes, agrtloulture, tranaportatton, 
communication, energy sources, education, sclence and technology, population, 
national defense, and people's Livelihood, for the reference of the leaderahtp 
agencies of the state in thetr policy decistonmaking process, Thin type of program 
has been tested as to feasibility and has been measured and compared, Tt te quantt 
tative. The expertence of China's general design organization for the development 
of ite defense sctence and technology can be applied to eatablioh a general deatgn 
organization for large-scale economic construct ton engtneertog and the nat tonal 
economy. 


Application of modern sctence and technology to the quant it teat ton of dec te tonmak ing, 


Historically, many scientists, such as Archimedes, ta Vine tl, Gallleo, [Tadeusz] 
Reichatein, Edison, etc., all attempted to use the wethod of natural a tencen to 
analyze war operations. The early stage work of wat analyatea beyot the wooda of 

new ideas. Model methods and simulation experiment methods of natural ec tence and 
engineering technologies are applied for the quant ification of dec tatonmak ing, 
During World War Il, large groups of actentiate and engineeroa worked cone: lent lounly 
and in an organized manner to cause these seeds to bloow and bear trutte.  Dectoaton 
making, a Cleld traditionally dependent upon artiottc ohtll to handle probleme, han 











given bieth to @ ac lence oop fat lone l fCeseateh oto eupply quantitative data ta be 
ined ae bases to adopt attateglen by leaderohip agentes ceyarding attatie and 
aetivities under thelr control, As early an 1996, @ group of tar-atyhted Chinese 
aclentiate establiahed an operat tonal research organieation, Today, tle belong 
veed for quantifteatton of dectatonmaking th operat tonal tosearch, topology, de 
(istonmaking theory, mathematical progtammtinay, vetwork analyeto, opt imal control 
theory, wraphic analyate, production analyate, and torecaot theory, All of thene 
have had considerable development, tn L979, 2775) and Wo 
Jiapet [3977 1367 L014] proposed to apply ayeteme enpineering, whieh hae operat lon 
al research ae tte foundation, to the macroeconoml: movement of the entire country, 
to eatablioh aoctal engineering tn order to teallee quant ti teat ton of dee te lonmak 
lin th fattonal economle construction, Concretely apeakiog, otattlatioal data are 
timely supplied to the oat tonal economy Information ayatem, mathemat toal modela ol 
mactomonomy are correctly butlt, olmulation expertimente of economies conatruct lon 
progtame ate cattted outooon Hleottromk (Onputere, choloee aang plane and proytane 
are wade on the baste of the reeult of quant tii ted experiments, and plana and pro 
prams are adjusted in a thwely way ateording to the changing condit ton of execu 
tion of the nattonal economic plan and new pollttles, economies, and 
wetence and technology. Thies te the general process of tealleatton of the quantt 
fication of dectatona tegatding the vat tonal economy 
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APPLIED SC TRENCES 


MULTIMODE AUTOMATIC TRACKING SYSTEM USE IN SATELLITE COMMUNTCATIONS DESCR TIMED 
Shanghal DIANZT JIS (ELECTRONICS TECHNOLOGY] tn Chinese Now, L9WO pp 4-11 


[Article by Cao Jullang [25980 5418 5928) and Wu Deyan [0/702 1795 90K), 
"Multimode Automatic Tracking Syatema tn Satellite Communteat tone] 


[Text] 1. Introduct ton 


In satellite communtcations, tn order to enable a ground atation antenna to 
track a satellite, automatically, either automatic tracktiog or program control 
ie generally used, In tmplementing the automatic tracking method, beam control, 
mltihorn tracking, step tracking, multimode tracking and the Tike can be uned, 


In the beam control method, the rotation of the antenna beam tnluces commntoa 
tions signal amplitude modulation, and when more than two ground atattlonn une 
thie method there may be a rather large tracking error, so that currently the 
method ia little used, 


The mult thoen method was used in the Fuqinue [phonetic] and Zhanmuathao [phone 
tic] stations, But because it ta very complex and makes tncreanting the antenna 
gain difficult, it too ts Little used, 


The step tracking method increase or decreases the antenna direction angle by 
fixed steps of about 0.01%; Lf alter a step the algnal recelved ta greater than 
before the antenna continues stepping ta this direction; but th alter a atep the 
signal is weaker, it changes ite step direction Creversesn), Tt ta one of the 
maximum-value tracking systems, and ita tracking prectaton and acquialtttion 

apeed are not as good as gero-value tracking systems, 


The baste principle of the multimode tracking system ta that when the antenna 

in completely aligned on the satellite, the electromagnetic tleld exetted ty 

the feeder horn of the ground statton by the electromagnetic wave emitted trom 
the satellite consists only of the fundamental mode, but when the antenna 
deviates from the satellite direction the electromagnetic tleld exctted tn the 
horn tneludes not only the fundamental mode but higher modes, The charactertns 
tics of these modes within the waveguide can be used to obtaln the Cundamental 
mode as a sum signal and the high harmontcs as a difference atpnal, and atter 
asynchronous detection by the tracking receiver a voltage representlog the angu 
lar deviation of the antenna beam from the direction to the satellite ta obtatned, 


























which can be ted to the servosyatem that driven the antenna, achleyving the poal 
of automatic satellite tracking, Multimode tracking tu a cero value method, 
with superior tracking capabllittes, and ta the last decade Tt has come tate 
extensive use in satellite ground atations and tracking and control atattonea, 


In the program control tracking method, the difference between the angular 
Values of the direction toa which the antenna should be potottiog and the dig 

tal angular value of the actual antenna direction ta calculated, and a stored 
program computer te used Co control the antenna and reduce the deviation to ere, 
The program control method te essentlal for moving satellite systems, Wut tor 
stationary satellite systems, it lea used only ae an auatilary method of tracktig, 
The Ibaraki and Yamamoto stations tn Japan use thie method, but tor economtle 
reasons most ground stattons do not use It, 


This arttiele tatroduces’ the multimode automatic tracktoy method, whtel ta cur 
rently in extensive use in satellite communteattons, 


2. The Operating Principles of Multimode Tracking 


When multimode tracking ts used, the ground station's antenna teeder horn munt 
be a multimode horn, tf a conteal horn and a round waveguide are used an a 
feeder system, the flelds induced in the round waveguide may tnolude the Thy), 
TMo;, THe; and Tho; modes (see Figure 1), of whieh the Thy), ta the tundamental 
satellite communteation mode, for large-aperture open round waveguides 

(D/\ «« 1, where D ta the diameter of the opening of the round waveguide and > 
in the working wavelength), the fundamental mode radiation pattern han a atngle 
peak, while the higher mode radiation pattern has a double peak as shown tn 
Figure 2, We may consider that the antenna's radiation charactertatte applies 
to both radtation and reception, and accordingly when the antenna receives a 
signal from the satellite {tt also has the characteristics shown tn Vigure 2, ao 
that when the satellite is located on the antenna axte Cthe directton of maxtinum 
radiation of the basic mode), only the TE), mode will be exetted In the wave 
guide: if the satellite is off the antenna axis, not only the baste mode but 
Also the harmonics such as TMg,;, Tho, and Tho, will be excited tn the waveguide, 
A mode coupler can be used to obtain the Cundamental model component Cgenerally 
called the “sum signal") and the higher mode component (the "dilterence atgnal"), 
as shown in Figure 3. It can be seen from Figure 2 that when the angle 0 by 
which the satellite is off the antenna axis te small, the sum signal amplitude 
in unchanged, but the difference signal amplitude vartes tn proportion to ov, 

It the beacon signal emitted by the satellite has an angular trequency of w, 
then by passing the sum and difference signals through a multiplier Cphane 
detector) an output which ts proportional to these signals can be obtalned, with 
a direct-current component proportional to 0 and a higher harmonte component 
proportional to the angular velocity 2w: if the high harmonte component te ttl 
tered out and the direct-current component is ted to the antenna serve drive 
system, the antenna beam can be directed toward the satellite, causing 0 to 
decrease toward zero, The angle © as shown in Figure ? te penerally called the 





tracking error, and the output after phase detection as shown ta Figure $b te 
generally called the angular error voltage. 
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Figure |, Kleetric Fleld Distributtons of Vartous Modes tn Kound Waveguide 
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Figure 2, Radtatton Charactertation of Fundamental Mode and Ulgher Modes at 
Round Aperture Plane 
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Figure |}, Prinetple of Multimode Automattic Tracking 
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The type of automatte trackioyg deserthbed above ta one dimenntonal, but ta 
Hatellite:o yround atattonw antennas, tao oorder to allwa the beam trom the antenna 
on the satellite and assure peak antenna vate avd Chun option ayatem elfleleney, 
4 two-dimenstonal tracking method which olmultaneousty controla elevatton and 
azimuth must be used, in view of amplitude error alone, tor two dimenstonal 
tracklog two higher modes are needed th addttton to the tundamental mode, Lee., 
Obipgher mode exetted only by the hortvontal component of the tracking error 

and another tigher mode exc'ted only by tte vertical component, than a three 
mode slynal te needed, lowever, tao practtee, in addition to the fundamental 
mode, not only the amplitude charactertatthe of the dif lerence vipnal but alee 
the phase difference between the sum alpoal and the difference alynal ta uned, 
HO that although only two modes are used Chor example Thy, and TMy)), two 
dittenslonal tracktog ta attll possthle: or tf tn addition to the main baste mode 
Iwo orthogonal compouente of the higher modes are used, ft [a aleo posatble to 
ine only two modes Chor example Thy) and Tho )) for two -dimenstonal automat te 
tracktog, 


A. Radtlation Charactertotiou 


hor a large aperture open clroular waveyulde Cb/\ > 1), Hl the electromagnet te 
field distribution over the plane of the opentiy te the same an that within the 
waveguide, neglecting the noncout lnnous nature of the waveguide opentnag, the 
electromagnetic tatenstty at a potot Poin the diatant radlation fleld of modes 
Th and TM can be expressed an: 

TD TD 





for the Th wave, Kye P, “e(*) adnnp — 
— Ky 39 —R (1) 
(,",) | 
K,=0 
tor the rh wave, E,= Ki ray , ones | 
Aaa 7 (2) 
ky~l 
K,~0 
where —F — whacin®, (4) 


lhe coordinates of polat (t,o, 6) are shown ta Flpure 4) to the formula above 
a tie the radlus of the open end of the clreular waveguide, § ta the wavelength 
in free space, and k tla the corresponding wave tomber., 1 in the clase | Bessel 


" 
coelttictent of order n, k ln the meth root oof btw OO) and —1 In the meth 
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root of I(x) © 0, By and EA are arbitrary constant used to normalize the 
voltage gain of the Th), mode axial radiation, igure 5 shows) the radiation 
direction patterns for the commonly used Thy), bho, and Thy, waves, Halt 
of the radiation pattern is given, and the other hall te symmetric with respect 
to the axia., [ft can be ween from the a patterns that Th,;, han a alngle peak 


whereas TMy |; 9 Th 


i and Pha) have double prevcakee 
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Figure 4, Spatial Posttional Helations of Hound Waveguide and Hi liptically 
Polarived Wave 


Key: a. Stahttng ante 
» Open end round wavegu lh 
































| 4 
o?46A5 8 
V=Kea 


Figure 5. Radiation Patterns of Various Modes to Large Ulameter Round Waveguide 
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In the operation of multimode automatic tracking satellite ayatema, the tracking 
error © te generally @uch leas than gero (lor example, 0 «© 0,01"), wo that 

econo Fl, sin OO, ue ka win Oe hao, When O ee 1 (ae kad © 0,1), equa 
tions | and 2 ean be _ to the following (ustag the approxtmate formula 


Ig) @l- " » a © rs wt when wu #0): 


for the TH), wave yon, 1100) dopo Maing | 
(4) 
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for the TMo, wave n~m J rt) 
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(5) 








for the Thy, wave By n, 2h”) dain ape "oO win ag 
Bah 78 E— 29 
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for the Tho) wave B= ghee rao 
_ ("tay | 


it can be seen from Figure 5 that when the angle © ta very amall (u«0,1), the 
eum signal (TE,,) ie unchanging, and the difference signal (TM9,, Thy, and TK»,) 
can be expressed aa an oblique line whose slope ta d6/d0 (where 6 ta the voltage 
gain of the higher mode radiation direction pattern for a nondtirectional antenna), 
which hae different values for the different higher modes, and ta alao related 

to the radiua a of the open waveguide and the wavelength §, #o that we une the 


. 6 / vi say 


where (20a /))% ta the tdeal gain for the open circular waveguide antenna, From 
equations 4-8 we can calculate the normalized slopes: 
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(7) 





To; (9 component ) 9.72 db 
Thy; (¢ of © component) 10.2% dt 
THe) {4 Component ) 11.67 aK, 








lf we make the circular waveguide openended antenna the tattlal radiation aource 
of a Cansegrain antenna, because the vartous Wigher harmonton have a different 
rei lectivity distribution over the parabolic surface, there will be about a 

0,5 dh difference between the slopes for the various bigher @oden, and accord 
inaly for the ciroult combining two difference algnale tt le necessary to pre 
vide slope compensation, while in the case of the elooe tor Thy, the @ and 0 
components are equal, ao that no slope compensation te necessary, 


hb, Mactted Voltage 


In order to give the problem under atudy universal applicability, we annum that 
an elliptically polarized wave te produced from wave eource ! (eee igure 4) and 
from the reversibility of the antenna we find the voltage excited within the 
antenna's feeder waveguide, Uf the electric Cleld veetor at potot Pole yy then 
the ellipttically polartved wave generally can be considered ae componed of two 
etreularly polarized wave components rotating tn oppostte directions, Viewlng 
wave source P from the antenna, If we denote the counterclockwlae rotatlog 
elreularly polarized component's amplitude ae a and the amplitude for the cor 
responding clockwise component ae b, the wave source Tleld vector K can be 
expressed as 


jut 


et * (ae + he Wty aly, i%) 


where y ia the angle between the long axte of the ellipee and the hortreontal 
plane and w te the angular frequency of the wave source, 


It can be seen that the horizontal component ty oot the electric Cleld weetor tf 
from the source is the real part of equation 9 and the vertical component by of 
vector x. is ite imaginary part, te. 


W 


F., = Ke 4 —— ty) ¢ b contet oy) 
(i) 


K *~ im (8 |) = @ windot #y) bh atatet ¥) 
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In order to discuss the horizontal component 1— and the vertical component ‘y 
of the tracking error © together, we draw bigure 6. Prom Vigure 6, 


‘y * ' con ¢ 

tye" sin fit) 
In the figure, potat 0 gives the antenna asta ditecttion, Mecauee the tracking 
error 9 ta extremely emall, the electrts tleld wector trom the eource can tw 
considered approximately ae being tno lauded ta the plane aornmal to the ante, 


helow we will use hy and ty, «4 and ty te find the veltagen of the Thyy, May, 
TE), and Thy, waves excited tn the feeder waveguide, 

















Vigure 6, Tracking trror 0 and Electric Wave Source Vector 


(1) The Th), Wave 


The two orthogenal componente (a) and (bh) exctted ta the feeder waveguide which 
ie shown in Figure / are excited by Ny and ty respectively, these excited volt: 
ages are denoted as ey and ey respectively, When the tracking deviation 0 ta 
very emall, the radiation charactertatic of the Th), wave te independent of © 


(nee Vigure 5), and accordianly 


*, * ie 
we (2) 


{ 

ai 
wy" — 
where # la the dlietance between the antenna and the electric wave source Cfor 
example a satellite), and the formula uses « propagation attenuation factor 1/8 
for the electric wave emitted from the source, ©), t# @ conatant, 


Vigure 7. Two Componente of TH), HRactted Voltage 


(2) The To) Wave 


it can be seen from equation 5 that the excited voltage from the TM), wave tea 
excited only by the © component f, of the electric wave source and not by the 
¢ component £,. Accordimly at any reference potat within the waveguide, the 
amplitude and phase of the TM, excited voltage are determined by the ampli. 
tude and phase of * (Kh, © plane or @ plane component), oo that the voltage By 
excited by To, te directly proportional to the f, vector's ¢ plane component 


noite 3"), and aleo directly proportional to the tracking error 6, 


»° One (hy 1), (13) 

















where Co, le @ proportionality constant, Substituting tate equation 9 we obtain 


i 37 A 
—— 


(i4) 


Yrom thie it can be seen that when the atgnal received (rom the electric wave 

source tn a cireularly polarived wave (bh © 0), the tracking error 0 and tte agi 
muth ¢ can be correctly determined by comparing the phase and amplitude of ey, 
ey and e» in equations 10 and 14, When the wave source signal ta an ellipttieally 
polarts wave, because tn actuality b and » are not tiked and known, they are 
very difficult to deal with, and If we use the cireular polarization method the 
tracking error © and ite azimuth 6 which we Tind produce rose coupling, result 
ing in an error, When the wave source signal in linearly polarived (h © a), tt 
can be found from equation 14 that when the direction of polarization ia normal 
to the @ plane, t.e, when dey 4 a “y © O expresses the fact that the ellen 


tric Tleld B, then cannot exeite a ») Wave in the antenna aperture, wo that 
tracking based on a linearly polarized wave cannot be effected using the TM, 
wave, 


(3) The Thy; Wave 


The TH), wave is generally composed of the two orthogonal components shown in 

Vigure # iquation 6 corresponds to the radiation flelde of the componente tn 
Figure 4a, and we now express the components and Ny of equation 6 tn term 
of the horizontal plane component hy and vertical plane component Ky; 


Bn ~ Kony Kywngm HE Oring | 
(15) 


Ry ~ Bangs homage fee Cone | 


Compariaon of equation 15 with equation 18 below shows that the hortzontal com 
pament Vy of the radiation fleld of the TR), wave te proportional to the verti 
cal component cy of the tracking error, while the radiation Cleld anormal com 
ponent ty ts proportional to the horizontal component iy Of the tracking devia 
deviation, and the J proportionality constants are equal, 
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Figure #&, Two Componente of Thy, Pxctted Voltage 











Allowing for the reversibility of the antenna tt le very easy to underatand that 
the excited voltage a of the Thy, wave shown in Vigure directly 


proportional to the eum of Kye and Katy! 


c, 
a} 
*D, 24 (Bye ‘ Kyty) (ih) 
When we try to find the excitation voltage Mh, for the Thy, wave shown in 
/ 


Vigure #b, we can rotate the coordinates through 45° to produce new coordinate 
axes OW and OV', ae shown tn Figure 9. Lf we decompose the tracking error and 
electric fleld source vector into W' and V' components and denote them aa «) and 


yr Ky and Ky 


ee | 





~ ie tty) | 


by py he ~ Ke) ay) 





i= at (hy + By) 


The relative positions of this coordinate system and the electric tleld diatri 
bution shown itn Figure are the same ae the relative posttions of the Initial 
coordinate system and the electric fleld diatribution shown tn Figure Ba, and 


accordingly the magnitude of ") should be proportional to the eum of Nay " and 


Katy eo that we obtain 
* si ‘+ e ay 
* "~ w “Myint Bity?! 


Substituting inte equation 1/7 we obtain 


. — t 7 ; (in 
“», i (tty Kut y) ) 


The summed electrical voltage *) from the orthogonal components of the excited 
voltage from the TR,, wave deacribed above ta 


‘ua V4. — 4 


7 VEL a Ab eed) 


= 7 x.0 


(14) 


Clearly the magnitude of the voltage excited by the Th, wave ta proport tonal 
to the magnitude of the source's electric fleld and the magnitude of the track 
ing error and ia tndependent of the magnitude of any of the vector components, 


lh 





No Matter what type of polarivation theelectric wave source han, If the power 

le constant, fegardions of the direction of the tracking deviation, provided the 
Wagnitudes are the same, then the magnitude of the total voltage of the Thy, 
wave excited in the antenna aperture will be Timed, Accordingly, the Tho) wave 
fan be used for automatic tracking with any type of polarteatton, 
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Fr 9. Coordinates tor Ploadlog ey 


(4) The Thy; Wave 


it can be seen from equation / that the excited voltage of Che Thy; wave tn 
excited by the + component of the electric tleld aource, and tte magnitude tr 
proportional to the tracking error °, and that the electric source ¢ component 
cannot excite a Tho, wave in the antenna aperture, Accordingly ta practtioe the 
Tho, and TM, waves are generally combined aa a tracking mode, 


}, Angular Error Detection Methods and Croaa Coupling 


A mode coupler (eee Figure 16) te weed tn the antenna feeder ayatem of satellite 
communication ground stations to couple out the fundamental Caum algnal) and 
higher mode (difference aignal) components described tn eectton 78 and feed them 
to the tracking recelver eo ae to obtain a direct current error voltage output 
which te proportional to the hortzontal component +) of the tracking error and 
a direct current error voltage which te proportional to tte vertical component 
ty: Thie method ta called the angular error detection method, The angular 
error detection @ethodea are different tor tracking ualtng different higher moder 
and tracking using wavee of ditferent polarizations emitted by the aatellite. 
helow we discuss several angular error detection methoda which have already been 
ueed extenatvely., 


lhe maton tndex used to evaluate the varlous angular error detection methode te 
cross coupling. When the crose coupling te large, the tracking pull ta range, 
tracking epeed and acceleration capability are poor, eo that tracking te not 
amooth, Rhelow we will discuss the magnitude of crose coupling tn several angu 
lat error detection methods 


For Thy, and TMH, from equations 10, 17 and 14 of section 7H, the tracking 
error exctted voltage obtatned trom the @ode coupler will te 














tu” 9 9 
r= Mh asin (un 4 y) ~ bed ——— — (20) 


Pik 9— O(a cun(wi + y —@) + bem ~ 7 4 ¢) 


If thie excited voltage ta subjected to the angular ercor detection method 
shown in Figure 10, an automatic gain control amplifier ta firat used to 
normalize the difference aignal to the eum signal, so ae to eliminate common 
amplitude changes resulting from path lows effects, after which the normalised 
sum and difference eignale are passed through a phase comparator and phase mul 
tiplier, and the high frequency component filtered out, ylelding the angular 
error output voltages U,, and Uy. If we let b' «= b/a, then we obtain from 
equation 20: 


J eaten 00m t+ 7) + W con(est = )) 


Lean (uit + 7 —@) + b’oan(ut ~ ¥ +6)) 

= ((1 +0’ )euswt cosy ~ (1-0 )ain wt ain y) 
‘C140’ )ece wt anny ~ ¢) 
= 1-0 )dn wt do(y —¢)) 


and accordingly 
b totem (140!) %eem y cual y -#) + (1 & 
nly —@) = (1 ν—0— 


=((1 +0) Poo y + (1 0’) Sin *y cong 
+ 2b’ ain 2yein }, 


From this we obtain the error voltage output in the hertzontal direction Uy! 


Vem fea “ {one 


. Wav eater Vala y ung), 


2b @n 
Us Alt * 170", vl Cw Vaaly rh 


and from equation |! 


Similarly we can obtain 


Or A a swyraaly UCU Meaty “tt 


(un! 


and we can write 


ried ee 
(7) (21) 


2b wo 
(+ )*an'y * 
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where A is an arbitrary gain coefficlent, tquation 21 expresses the crows 

coupling between the angular error output voltages Uy and U. and the tracking 
errore cy and cy, The crons coupling in governed by "Nhe ol Yipe leallity b' and 
the ine {nation y y of the ellipse's major axia, Vor cireular polarisation, 

with b «= 0, the cross coupling te sero, and the angular error output voltage 
in proportional to the tracking error, Vor nonetreular polarteation there ta 
cross coupling, For Linear polartaation, with bo« 1, when ye @ +h "then 


ai far: ot, 


Figure 10, TER,, and My, Angular trror Detect ton Method Chour Channel Method) 











Key: 

a. Mode coupler d, Phase multipttes 

b. AGC normalization *. Low pase filter 

c. Synchronous detect ton f, Angular etror output 


For an arbitrary polarization, the crose coupling constants trom equation /1 
2b win 
ve Ee b foal y + -¥) "aint 
7 ae = 
J (1+ b')"ain*y + (1B )Sooty 


are shown in Figure Il. Clearly when the axte ratio b' te amall, for exampls 
b' « 3 dB, the cross coupling component ts relatively emall, and a mult tmode 
tracking approach based on TR,,; and My, te suitable, 


Key: 








4. Crosse coupling coettictent 
b. Axia ratto 
c. Long ante taeltination 




















| 1 Figure 11, Angular Error Output Voltage 
08 wD DB * * v wo w Cross Coupling tor Arbitrary 
‘ Y 


Polarivation 
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The angular error detection method shown above ta Figure 10 ta the four channel 
procesalng Method, Vor a satellite beacon alignal whieh tia close to elreulartly 
polarized, tt te necensary only to receive only one Th), wave orthogonal com 
ponent, ae shown in Figure 12, which almplifles processing; thie ta the two 
Channel path method which la currently ta common use, ty a derivation analo 
yous to that for the four channel method we can obtain 


“| weve VN [**) (22) 
° X 4 re —X 


ere it ie apparent that for clreular polarteation with bo« 0, there ta no crows 
coupling, oo that we can obtain the error tndex directly, There will be crows 
coupling for elliptical polarization with « amall axtea ratio, 


= 
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Vigure 12, TR), and My, Angular Error Detection Method (lworChannel Method) 








Keys 
a. Mode coupler (. low pase filter 
bh, Phase multiplier d. Angular error output voltage 


Vor Thy), Ty, and Thy): Figure 1) ehows an angular detection method which tn 
wultable for use with waves of arbitrary polartgation, It can use the TH), , TMy, 
and Thy, waves ae the sum and difference signals or the Th,, and Thy, waven 
described below as the eum and difference atgnalay the only difference ta in 

the coupling method and destgn of the mode couplers, 
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. Difference atygnal 
h. Nonlinear driver 
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Figure 13. Angular trror Detectton 
Method for Arbitrary Polartea 


Th tion (two channel method) 











Yrom equation 5, for the Mg, wave, K. « Nika and hoe 0, Acoordingly, 


0 " 


My ba Kikatoone, 


(24) 
Ky * Kikabaings 
ty compartaon with equation 11 we can obtain the voltage e; of the TM, wave 
excited in the antenna aperture: 
eo, * J (eka + byl) (24) 


From equation 7, for the Thy; wave we obtain 


K,~0, x, = Fumo, 


B= Boning, (24) 


t,+- a 0 omg 


comparing with equation |] we can obtain the excitation voltage e» for the 
Tho) wave: 


and accordingly 


@»* ky (egy ty hy)! (?6) 


Here ky is a constant which te proportional to the tnelination of the [My, wave's 
radiation pattern, and ky ts @ constant proportional to the tnelination of the 
Tho; wave'a radtation pattern, Because ky and ky are not equal, an inelinat ton 
equalizer must be used, after which e; and e) are mixed under phase orthogonality 
conditions to produce the difference aignal ep, and if the phase error at the 
time of mixing in 4, then 


a. © ee 16 44 


J + epi (27) 
Subatitut ing equation 10 into equations 24, 26 and 2/7, If tor the two channel 
method shown in Figure 1) we multiply ey) by (-2 ain (ot + y)) and (2 com Got + ¥)) 
to obtain tte direct current component and then multiply by the normal leat ton 


factor 2/1(k, + kta + bd), we obtain the angular error output voltage 


vele(ct Sel} - 














where 


au” Gt naa {a4 ah, 008 8 — b oun dy 
+ bh, ova( By +4)); 


en orb) ray (Panty ahyeind 
+ bh, ain(By +8); 


on cae B TTY (baat rehoind 
+ bh, ain(Sy +6)); 
on testy {a+ ah, con 8 + b cos By 


~ bh, oon Dy + 8)); 
hy = hhe/hios 


It can be seen that in this formula a)» and ay, give the magnitude of the crows 
coupling; calculated results are shown (in dB) in Figure 14, Figure 14 shows 
the maximum values of a)) and a9, as y varies from 0" to 180", with a, by ky 
and 6 fixed and with different values of b'. In actual caleulations, tn addi 
tion to sapecitfying the axia ratio b', we must also know the direction of rota 
tion of the electric fleld vector of the elliptically polarized wave, If the 
direction ts counterclockwise then a* 1, b= (b' = 1)/(b' # by tf tt te 
clockwise, then b «1, a' = (b' = L)/(b' + 1), The figure shows the rather 
large cross coupling magnitudes obtained for these two directions, 





















































Figure 14, Cross Coupling in Tracking Method Using TR);,;, TMg, and Thy, 


Key! 

a. Cross coupling (a) fe 0 

b. Dectbels (b Ko* 0 

c. Dectbels (a) Ka* | decibel 


d. Linearly polarized 
e. Degrees 
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For Th); and Thy) )  Mywationa 16 and 1H give the Tho) wave vollagen for the two ortho 
wonal electric Flelda exetted in the mode coupler: 


a (i ru 
Oh vy * 


bk i) Myty — 
Ly) (29) 
fy on at Byes 


An dewerihbed above, the tnelinattona of the radiation patterne of the two ortho 
gonadal components of the Thy, wave are equal, and if the coupling losses in the 
Hhode coupler are tdentleal for *D, and @) of equation 29 then we have 

? 


ky * *k, and we du not need to use the inclination equaliser, If we use 
tle phieo orthogonality relationship and make use of ey) and ®) » Ff the phase 
| ? 


error 6 at that time ta sero, then 


" 
“,* ed,* My 8 2haleymin (wt * y) + ty con (wt # yd)5 (Ww, 


The quantity @) in thin equation only tneludes the counterclockwiwe rotatton 
component a of the eleetric fleld vector of the natellite heacon aignaly tf 


*), ian mined with "1 while leading the latter by 1 then J only tneludes the 
— 


Clockwlae rotation component b of the electric fleld e veetor, 


In the Thy), and Thy, multimode tracking method, If ky = ky © k and 4 © 0, then 
the direct current voltage proportional to cy and vy obtalned by synchronous 
detection of @ tn equation JO will not produce any cross coupling, If 

ky @ ko, 680, then there will be cross coupling, and we can derive an equatton 
for tt) the result will be the same an equation 24, tndicating that the magn! 
tude of the cross coupling given in Figure 14 ts similarly applicable, 


Yrom thin it can be seen that for arbitrary polarization, tf we use TH), , TM), 
and Thy,;, or Th), and Tho,, of other higher modes, the reason that there ts 
cross coupling ta that the directtlonal patterns for the two higher mode com 
ponentea have different tnelinattons, and the mode lose ta the mode couplers 
Will be unequal, and when they are mixed under phase orthogonality condtt tons 
there will be a phase error, 


The tracking method which combines the TE), and Th); waves ta suitable for bea 
con atgnale with arbitrary polarization and does not require tnelinattion equall 
vation, tn addition to whitch the number of higher modes used ia rather amall, 

wo that the uae of the tracking method employing TR,, and TR), with polartsa 

tion tracking equipment and a phase compensator (see Figure 13) may be conatdered 
good; currently tt te to extensive use in international atandard satellite ground 
Htations and satellite tracking and control stations, an well an domestic satel 
lite communteations ground atattonsa which use Linear polartzed waves, 

















4, Wigh Frequency Multimode Track! ™ Syatemns 








Figure 15, Satellite Ground Station Uigh-Vrequency Syatem 


Key! 
a, Polarizer d, Kecelver 
bh, Mode coupler e, Tranemitter 
c, Multiplexer [, Magle T 
gm. Antenna 


A high frequency satellite ground atation ta shown in /igure 15, The antenna 
receives the basic THh,, mode and sends it to the feeder horn, Currently most 
comuntcation satellites emit a cireularly polarized wave; in the future they 
may emit linearly polarized waves, Between the left aide of the multiplexer 
and the antenna circular waveguide ila used, and between the right aide of 
the multiplexer and the tranamitter-receiver a rectangular waveguide in used, 
The wave arriving from the antenna feeder must enter the polarizer (which tn 
reality ta a polarization changer) and be converted into a linear wave which 
in required for the rectangular waveguide, 





In order to enable the antenna to track the satellite, the satellite emits a 
beacon signal, The frequency of the beacon signal ta different from the men- 
sage frequency, A filter ts used inaide the tracking mode coupler to separate 
the two signais, The beacon signal excites the tracking modes in the tracking 
mode coupler, The tracking modes are TMy,, Thy, and Tho,, The shapes of the 
mode couplera differ with the nature of the tracking mode, Multimode tracking 
syatemsa include single-channel, two-channel, three-channel and four-channel 
types, With more than two channels there must be great agreement between the 
channele, which te hard to receive, so that at present the main emphania ta 
on using signal signal channel tracking systema, 
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», The Mode Coupler 


Mode couplers couple the higher modes from the horn to produce the tracking 
error signal, The requirements for mode couplers are; when the tracking mode 
(the "difference" mode) coupling losses are emall, reflection ta amall, and the 
degree of coupling of the "sum" aignal mode (the "swum" mode) tn amall, A mode 
coupler which uses the TM»), mode in a cireular waveguide an the mode ta shown 
in Figure 16, A coupling hole ta cut in the opposite surface of the cireular 
waveguide wo that the TM», mode in the waveguide is coupled with the Th)9 mode [sic] 
in the rectangular waveguide, The front of the aquare waveguide has a bandpass 
filter and ts connected to a double T connector, The circular waveguide has a 
pair of coupling holes in the hortzontal and vertical directions an shown tn 
Figure l6b to meet the requirements for elevation and azimuth tracking, 














Vigure ifa, Crowe Section Through Main Waveguide With Coupling Slote and Magic 1 











Key! 
4. Short ctreoutt 4d, Main round waveguide 
b. Clroeunference coupling alot ©, Woy, waveguide arm 
t. Ty; end ‘. TH, end 

Figure l6b. Hy, Mode Coupler 
Key: a. Filter b. Coupler 





Yor aingle-channe! tracking syeteme, a TMo, goede coupler only requires one pair 
of coupling holes. The Marcont company (U.%.) ween thie type of deatgn, and ita 
waveguide feeder unit te ae shown in Figure 1/7, The diameter of the clroular 
waveguide ia chosen eo that tt will pase the Ty, mode and tatercept the Thy, 
mode. . D— ln the receltver connection, 


A mode coupling waveguide which uses the Th,, goede tn a round waveguide han 

8 equidiatant coupling holes around the clrcoumference an shown tn Figure If, 

In order to aseure that the Th), @ode fleld will be ctreularly polarteed, all of 
the coupling holes have an equal degree of coupling with the rectangular wave 
guide. if a slotted waveguide te « untfors circular waveguide, the slote can be 

















Figure 17, Waveguide Feeder 


Key! 

a. Mode coupler e. Ry end !, To feeder horn 

b. Diplexer f. Mixer T }. TM, end 

c. Te end a. TR) end k. Veeder temperature 
d. Polarteer h. Phase modulator sensor 


1. [illegible] 
m. Ileolator 


{Fs 


Figure 16. TH», Mode Coupler 


Key: «4. Square waveguide 





Figure 19, 


Key: «a. Amplitude 
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parallel to the ania, If the slote are cut in a cone, ae ehown tn Vigure 19la), 
neighboring slote both muat be Inclined at an angle « from the aiden, Hl a 
Circle ta drawn through the centere of the 4 alota, magnetic Fleld components 
Ny and HW. with amplitude distributions around the clroular clroumference of the 
conical waveguide as shown in Figure 19(b) can be obtained, 


The coupling holes of the Cracking mode coupler of the Yokowuka ground atatton 
in Japan have series connected resonatore and waffle tron Ciltera, the coupled 
“difference” modes are TM9, and Thy, , and the four coupling holes are aymmetrt: 
ally distributed, The tracking ween two frequency banda: Clrat tt searches 
with a 4,000 Mie broad beam, and after the object te acquired tt automattioally 
ahifte to 186,000 Mie narrow beam prectaton tracking, 
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APPLIED BC LIONOES 


HHIPROARD DATA MULTIPLIOX SYSTEM DICH BED 
Shanghal DIANZT JISHU [ELECTRONICS THOHNOLOUY] In Chinese No 8, 1980 pp 1-3 


[Article by Zhu Wulhua [2612 1670 59478] and Wang Wongehen [1076 7703 2182): 
"The Shipboard Data Multiplex System: A New Design To Prevent Interference 
Hetween Signals On-Board Ship") 


(Text) Naval ships include a group of platforms, every one of which ta necen- 
sary to overall operation, Accordingly, extensive communications ta required 
within each platform and between platform, Aa a result of the extensive devel- 
opment of satellite syatems, long range low frequency systema and secure data 
links, considerable importance has been accorded to commnticattona between 
platform, ut tn the ayaetem an a whole, inaulfictent consideration haa been 
given to communications within platforms, a fact which has greatly disappointed 
engineers, because as newer and more advanced technology ta tnatroduced tnto wea 
pons, guidance and other shipboard systema, commnications needa within the plat- 
form will increase greatly. If such customary connection methods an potnt-to- 
point wiring are used on ships today, many economle and technical problema may 
result, The marine syateme division of the U.S. company Kockwell Internat tonal 
has proposed a new approach, the shipboard data qultiplex ayatem, which ta now 
under development. 


The shipboard data multiplex syetem (SUMS) te a general-use tnformation trana- 
Misasion asyetem which carries out all data tranemiaston for ayatema on board 
ship, such as weapon direction ayatema, command and control consoles, combat 
information centers, damage control centera, guidance subsayatema and the con: 
trol of diaplaye and electrical generating machinery, The SOME uses a main 
trunk cable for tnformation tranemiaaton, The cable ta lald out according to 
4 atandard wiring plan and ie not altered when the ahip's electronte equipment 
ie changed. The SUMS ia a modular design so an to provide eulfiectent tranamia- 
sion bandwidth for the various types of platform (from an escort vessel to an 
aircraft carrier, from a submarine to a land-based experimental tnatallatton) 
and to assure the needed-level of redundancy, The component modules conalat of 
the multiplex cables, traffic controllers (TC), area multiplexers (AM), and re- 
mote multiplexer shared electronics (RMSE) along with input-output unite (100), 
Figure | ia a block diagram of an SUMS atructure, The 1OU's are designed to be 
adaptable to standard naval junction boxes and are located an clone an poanthle 
to the user subsystems, Lach compartment which has large amounta of algnal 
generating or receiving equipment ta provided with one or more remote multiplexers 
(KM). Compartments with many remote control centers are equipped with area 





























Figure 1. Structure of the SiMS 


[boxes labeled in Chinese all read “user eubsayatem'| 


multiplexers (AM), and the traffic controllera are distributed among several 
interlor compartments. ‘The interior communications maintenance personne! 's 
compartment also has a maintenance unit (MU). When tn use, a baseline ayatem 
has 5 primary data buses, 5 traffic controllers, 8 area multiplexers, 64 re 
mote multiplexers and | maintenance unit. hia avoids tnteractiona between the 
various systema, 


System Operat ton 


Suppose that user subsystem B requires an immediate connection with user aub- 
asyatem A'a interface signals. These signale are first fed into the local 
input-output unit, after which they are fed to an RMSE-127 remote multiplexer 

at the right [as published) of user subsyatem Ay thie remote multiplexer accumu 
lates samples of all signals arriving from user subsystem A and tranamitea them 
to area multiplexer AM-16 in the compartment, which translates this baseband 
time-division multiplexed [TDM] signal into a frequency-diviston multiplexed 
[VOM] signal in one of 4 data channels in the 40-80 Miz band, Input to the five 
trunk lines, each of which covers the entire ahip, is controlled by a traffic 
controller on each of the trunk lines. At the terminal, the signal arriving 
from user subsyatem A ta sent by a route which ia the reverse of that just 
described to every user subsystem B: it ia received from the trunk line by the 
closest area multiplexer, AM-1, and ta there converted to a baseband time- 
division multiplexed signal so that {[t can pase through the closest RMSE-1 and 
the 10U closest to user subsystem Bo and immediately be diatributed to that unser 
subsystem, It should be noted that this entire process essentially occurs to 
real time, which means that the SDMS ia not a store-and-forward system, When 
every user subsystem signal ta converted from ita original analog, synchronous, 
digital or diecrete form, tt ta tranemitted tn TOM form through the remote 

















miltiplexer at the same time ae it te tranemitted in VOM form through the area 
multiplexers, None of the information te atored at any point in the ayatem, ao 
that it ta real-time data, 


Multiplexing to Three Domaine 


In order to satiaty almltaneously the requirements of wodularization, growth 
of capabilities, flexibility and taterface standardization as well ae to (rane 
mit many signals along a very long shipboard cable path, SUMN usen multiplenting 
in apace, frequency and time, 


In the apatial domain, the means of meeting theese requirementsa ta to have each 
of the tive primary multiplex buses which pase through the entire ahip operate 
independently, and to use all of them eimultaneously to tranemit algnala from 
the various subsystems on board, Any signal can une any trunk cable, and tn 
fact successive transmissions of a apecific etgnal can uae all the cables at 
random, The SDMS can operate with only one of two trunks, Hut inereasing the 
number of trunke gives increased assurance of operating capabilities ae well as 
the ability to carry Increased numbers of signala, 


in the trequency domain, frequency division multiplexing te used to divide the 
trunk multiplex cable into five channels, of which four are used to tranemit 
digital information and the fifth to control the traftic controllera, Accord. 
ingly, a Strunk SUMS design allows any ship subsyetem to tranemit ite aignal 
to any other subsystem via any of 20 different data channels, 


Any shipboard subsystem signal tranemitted through the SOMS te Firat converted 
into the time domain, t.ec., ts sampled in time, and even though the initial 

forme of signals may differ they are all converted into standard digital alg 
hale. The digitized signal samples are combined into a signal by the frequency 
division multiplex method and tranmmitted through one of the data channels on the 
multiplex trunk, A receiving remote multiplexer separates these time-nampled 
signals after they are reconverted, 


Mechanization of Syatem Control 


The means of mechanizing control ta the SUMS te ite completely asynchronous and 
distributed torm, Asynchronous distributed control wan selected only after thor: 
ough = analyeia of the technological and operational needs of shipboard algnal 
tranemission. It has the following main capabilities: (1) such aignal para 
meters a8 message length, update rate and priority are used tn setting up a 

data exchange path between user subsyetems exclusively by local control; (2) when 
a new approach te developed, it is easy to change the signal transmission para- 
meters and system connection method, in addition to which the expense in amall, 
on the spot testing and verification are simple, and if there ta a malfunct ton 

it does not disable all of the ship's information transmission capabilities or 
degrade their quality. 


Distributed control means that the basic control mechaniom which resolves auch 
questions as what data will be tranemitted at what time and from what elgnal 
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source to Wha terminal te not located tn «a central walt but ta dlatetbuted 
throughout the ayetem, in the SUMN, data tranemlanion between two subayatems 
in controlled by two plug ta programmable read only memorten CMHUM), one 
located in the SOMN terminal serving the algnal aource and the other at the 
output end, The coding tn theae two PROM's controle the eubayatem mennage 
update rate, priority, address and the like, quite independently of all other 
henmagen in the eyatem, in order to set up a new digital data path through 
the SUMAN it te only necessary to provide two aultable interface carda Claput 
and output) and compose the aultable PROM program foo the remote multiplexers 
Closeat to the ortginating and receiving unite, 


home multl lex systems give all control to a control reaponse computer, All 

of the algnal tranemianton requirements for the several hundred usera on a ahip 
or submarine muat be communicated to the computer by meane of a eoltware program, 
Thie computer program ia very long, and only when all eubayatem dealgnen are com 
plete can thie atep be begun; before it te completed, it la necessary to carry 
out a large number of teate in order to dehug it. Wecause there are Ilkely to 
be computer malfunctions, the eubsyatema may aloo be alfected, 


User laterface With SUMS 


The norral user stgnal tnput potat ta the remote multiplexer, The remote multt 
plexer han two functiona: (1) ae an taput-output section, able to handle several 
doven tnput-output modules of unite CIOM, Tou): (7) ae a redundant sharing eles 
tronics device synchronous data can be handled by tneerttiong the 
proper card tor the analog of dlacrete LOM ta queatton tate a alot ta the tLaput 
output unit, thus meeting the etgnal diatributton needa of all user subsayatemn 

in «a compartment, t.e., all types of signale used in electronte ayatema on board 
ship are converted tato a standard digital form required for tranamiaaton withtn 
the SUMS. Every (OM card can be taserted tate any redundant MMSE unit. The RMSE 
unit contains part of the SUMS ayatem's “brain,” t.e., the SOME measage character 
jaticn are determined by the data stored ta PROM, and then the “service Clag" tea 
wet to atart eyaetem tranemtiaaton, 


Heltability and Maintenance Charactertatios 


hecause of the celthalaature of certain atpnatle which are tranemitted, and be 
cause the @ultiplex system iteell functions an the ship's central nervous syatem, 
it was recognized during development of the SUMS that it must have high rella 
bility. The eyetem rellabllity etandarda tavolve tinding tormulas tor sayatem 
reliability parameters on the baste of many different redundancy deatgns and 
investipating the relationship of aeyetem charactertetion to mean tlme between 
fatiures (MTMP)]., These studies of reliabtlity tradeotta tn destgn lead to 
derivation of the optiqum eyetem rellability which can be implemented with a 
given unit MTAP's, The standards based on compromion design are an follows: 

the rellabllity of an tadividual weer clroult which does aot require repalt overt 
a 24-hour pertod and tas no 10M redundancy te opecttted an 0,999, The rellabtil 
ity of « syetem which does not require repair over a 74-hour pertod ta apecitted 
an 099999999) one eyetem malfunction ta detined as dieconmectton of degradation 











of service of 10 percent of all SUMS weer clreulte, Accordingly, the deatgn 
shown in Vigure / which hae thie high redundancy level tavolven dividing the 
nyetem into several redundant patha, eo that redundancy tneteasen tn accor 
dance with tmportance, ln other words, the closer an element ta to the aye 
tem's center, where all algnale would be affected by a malfunction, the greater 
lie redundancy, 

















Figure 7. SDMS Redundancy and Hellability 


Key: a. ...¢hannela bd. tuner 


In the SUMS destgn care was taken to assure that ta any expected malfunct ton 
there would not be « sudden interruption of signal tranemiasion throughout the 
ship but rather a gradual degradation. This design concept requires that tf 

the ship loses ite electric power supply a backup emergency battery can be uned, 


Advantages of the SIMS: Cost and Wetght 


Comparing the SUMS with the usual polnt to-potnt wiring system in term of cont 
and weight, tt must be admitted that the dectatve tactor tsa the number of alg 
nale carried by the conventional system and processed by the SIMS, Figure 3 
shows the general relationship between cost and number of signals, On a COM or 
similar ship these curves intersect at 1,900 atgnala, which means that If the 
SUMS carries a sufficient number of signala tt can tomediately produce a cont 
saving. The relationship tse similar as regards weight. If an SUMS ta used on 
a OCON-type ahip, about 59 million can be saved in the totttal acquiattion and 
installation, and the weight decreased by 9O tons. If a similar weight analy- 
Hin ia made for air cushton and hydrotol!l vessels, the saving proves to be about 
6 tons, On dynamic lift ships this weight decrease ta particularly tmportant 
because it actually increases range, speed and payload, 
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Figure 3. SDMS Coat Advantages 


Key: a. Acquisition and tnatallation coats 
b. Ordinary wiring method 
c, Number of algnals 


Conc luston 


In summary, the SUMS can be used on a wide range of plattorme and on future 
land experimental bases. All any ship needs ta a single multiplex ayatem, 
This system may offer many intertace designs, tncoluding absorbing the remote 
mitiplexer function tnto the matin user equipment, tn addition, the SMS 
logically leada to taterface standardization throughout the ahip. Because of 
ite modular design and diatributed control charactertattion, the SUMS te a aye 
tem with a low tneitdence of malfunctions, Because of the asynchronous chara 
ter of the SIMS, when the syatem has an overload resulting trom nolae or lone 
of signal bandwidth caused by equipment malfunction, tt exhibite gradual degra 
dation, When the ratio of signal load to usable syatem bandwidth tnereanen, 
there te no signal loss, but all users are untformly allocated the rematatog 
usable frequency width according to a priority method, Accordingly the net 
effect of a tallure mode ta to alightly tnerease tranesmtiaston time for all 
users; at the same time, the average message update rate ta lowered allphttly 


The modular distributed control atructure aleo tresulte ta high eyaetem relta 
bility. The entire SOMS ta based on protected difengxtan [0144 7164 7145] 
electronica technology, and tte smooth operation does not requite any techno 
logical breakthrougha., 


Last, but far from least in ship destpgn, the system featuren local control all 
Mmoennage tranemisstons., this eliminates tnteract tion between several unser subsaye 
tema and also tnteraction between user subsyatema and the ahip deatgn cycle, and 
accordingly, is an advance toward the constructton of even more ellect lve 
fighting ships. 
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APPLIED SCIENCES 


BRIEFS 


GCHLNESE LANGUAGE LETTERPRESS--Chengdu, March 19 (XINHUA)@~<A PH 5A Chinene= Language 
letterpress composing machine has begun masse production in thia city in China's 
southwest. Developed by Sichuan University after an li-year research effort, 

the machine has a storage capacity of 310,000 characters and a typesetting 
potential of 150 characters per minute, Designed for rapid operation and low 
electric consumption, the machine ia operated by a typesetter working from a 
keyboard, [Text] (OW200026 Beijing XINHUA in Kngliah 1245 OMT 19 Mar #1 OW] 
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Petroleum 


AUTHOKs = =ZHANG Kai [1728 1950) 
LUO Zhili [9012 1807 4559] 
ZHANG Qing [1728 3247) 
DAL Jinxing [2071 6855 2502] 
YAO Hui jun [1202 1979 0689) 


ONG All of the Selentitic Keseareh Inatitute of Petroleum Explorat ton and 
Development, Bel jing 


Tithbs “Classification of Basing and Potential Hydrocarbon Kesourcesa ta China 


SOURCE = Bed jing SULYOU XUBBAO [ACTA PETROLEL SINICA] in Chinese No 4, 1980 
pp leit 


TEXT OF ENGLISH ABSTRACT# The three old plates that constituted the stable core 
of the Chinese continent since pre-Cambrian were the Tarim plate, the North China 
plate and the Yangze [Chang jiang] plate, They were surrounded by the Siberian 
plate, the Indian plate and the Pacitic plate, Later development of the Chinese 
continent brought inte being the following five plates: the Deunjarlaesongliae 
contraction sea plate, the Tarim plate, the North China plate, the GangueQinghal: 
Tibet plate and the South China plate, 


Petroliferous basins woce tormed between the Chinese plates and thelr surrounding 
plates. According to the mechaniom of plate tectonics and condittons tavorable 


[Continuation of SHITYOU XURBAO No 4, 1980 pp 1-18) 


for the oecurrence of oll, we may classify the principal basins into 10 types tn 
, cateporiosn as tollowss 
I, Cratonic Basins 
lype 1) Intracratontc single cycle basins 
Type ly Intracratonic polyeyelic basins 
lype ly Intracratonic ritt basins 
ll, Suture Belt) Basins 
Type Ll) Contraction sea basins 
lype Il») Intermontane basins or pledmont basins between suture belts 
111, Are-trench System Basins 
lype Till) Fore-are basins 
ly pe lil, Back-are basins 
lype [lly Intra are basins 
IV. Deltaic Basing 
V. Kevived Fault Basins, 


Of all these basins, the intracratonic polycyclic basins should be given priority 
in exploration, and the contraction sea basings and backearch basins should come 
next. However, new areas tor exploration in the deltaic basing along, the cont 
nental margin and the intracratonic single cycle basing should not be overlooked, 


* A full translation of this article is being prepared tor publication in the 
CKh/Keon Series, 














AUTHOME TONG Chote | mas LOG vis | 
Ms College of Geolony, Chengdu 


Pitta "Some Chatracterlotlon of Petroleum Geolony of the HAL Syetem ta bantern 
Chita 


SOUNC KG bel pli SHEYOU XUPDAO | At 1A PRIMOLEI SINICA] in Chithone No @, 
pp Yet 


1h) OF BNGLIS “second stubaldence bell" ta eastern Ching 
probably a latwe cont loental ritt syatem Lormed on the eastern Clilthene cont bien 
hinee late Mesozoic, Tt tollows a worth, northeasterly trend, over G00) bin Longe 
and about 2590450 kn wide, comparable to the tecent eastern Abiloun rill syatem, 
lhe ooourtrence of this aystem tieht have been due to the subducthon oot the 
Pacitiorhurastan plate and collision of the Tndo Australian plate with the Bure 
Hlan plate, 


lhe oblefas teservoll Crapo within the citt basins ate predominant ty ot the tpi 
tural and attativiaphie types, the ottuetural traps tn tertiary are ehbetly tn 
the tilted fault tbloeks, rolling anttielines and antietbinal dtape ottuweturen. phe 
sttativraphioc traps trom Precanmbtilan to Mesovole are chiettly a yvattety of tubal 
fault blookes and voleante tookea, 


[Continuation of OMLYOU KUEBAQ No 4, 1980 pp 19 Jo] 


fonoldertog the tact that there ate many major oll and pas tlelde tu the pitt 
banin bin the world, tt hould be possible to Pind more oll pas tesetves ta the 
pitt) tasin in eastern Chit, 








AUTHOKG DAL Jitnxing [2071 68655 2502) 


OW YOlbentitic Hesearch Inetitute of Pet rolews Exploratlon and Development , 
bel jing 


Tithdbs "Preliminary Keseareh on Natural Gas tn Coal Serlen in China" 


SOURCES Bel jing SHLYOU XUBBAO [ACTA PETKOLEL SINICA) in Chinese No 4, 1980 
pp 27-3/ 


IEA) OF ENGLISH ABSTVACTIO The tesulte of our analyses of the composition of pases 
from some Coal beds tn China show thats (CL) hydrocarbon pan pr edominaten the cone 
ponents of gases trom the coal beds, while methane claima absolute predominance 

in hydrocarbon gasesg and (2) different types of coal have different contents of 
heavy hydrocarbons, as low as 1.4 © 2.6 percent tor anthracite and as high as 

Yelh percent tor gas coal, gas tieh coal, tieh coal, coking coal and lean coal, 
tonether with a small amount of oll, 


Many of the charactertetion of ofl and gas shows discovered in the coal series in 
China are quite similar to those of the aboveenent boned hydrocarbon components, 
In the Upper Triasste and Permian systema in the Slehuan and Shanganning, baslnn, 
yas pools tormed by coalifieation have been discovered, Wet -gas pools are tound 
in the Alangx) coal series in the central and northwestern parte of Sichuan, 
producing, #48 coal and rich gan coal with B15 pereent heavy hydrocarbon content, 


[Cont inuatton of SHLYOU KURBAO No 4, 1980 pp 27-47] 


lhere are three stages in the tormation of hydrocarbons during coallftleat tons 

(1) the early dry was stapgeeowlth lignite Ceonsolidat ed brown coal and uncon- 
solidated brown coal) and peat, primarily forming methanesy (2) the wet gas stapge=- 
with sub-bituminous coal, jet coal, gas coal, tleh coal, coking coal and lean 
eoal, forming methane, 5°20 percent heavy hydrocarbons and a omall amount of oily 
and (3) the late dry gas stageeowith lean coal and anthracite, forming a large 
anount of methane and some heavy hydrocarbons (venerally 2-3 peroent ). 


lhe meolopie conditions tor pas ae cumulation in coal series ares (1) pl olony 
subsidence of coal basines (2) cap rock of replonal extents and (4) uplift. of 
long, development, 











AUTHOK) «WU Zhentin [O7O2 2182 Jo5d)] 
(ONG Wu [0157 24976) 
LIU Anjian [0491 14 O2%6) 
7OU Quaneheng [6700 125 1942) 
/MANG Deyuan [1728 1795 0887) 


ONG Wu, TON, and LIU all of Liaehe O11 bleldg 700, Stengll Of bleldy AIAN, 
Dagqing O11 Field 


vith “harthquakte and Anomalies tn Obl and Water Well Perlormancen Oheer val Lon 
in Bohal Bay” 


HOUNER) Bel jing SHIYOU KUPBAO [ACTA PRTHOLEL SINICA] tn Chinese Ne 4, 1no 
pp ‘Van 


TEXT OF PNGLION ABSTHACT © The embryontoc process of earthquakes tends to atleot the 
Ol fields adjoining tte foous, whieh tlede tte manifestation tn tet leet loans or 
anomlion in the production of of] and water wells, in the cane of oll wella, 
under oormal conditions of production when no measures of enhancement of any hind 
are taken, any increase of production by «a wide margin oF any oudden lnerease of 
drop in output, pressure bulld-up in producers and tntermittent Clow tn todividual 
iomporarily closed ot tippers are all expressions of anomalleay while tn the cane 

of water wella, anomalies ate eapressed in the abnormal chanpes in water level, 
water conductivity and tadon content of water, All thene anomalion may be deter 
mined (throwth analyole of interterenoesn, 


[Continuation of SHLYOU KURBAO No 4, 1980 pp 1-48] 


In eoeenoe, Changes tn the perlormance of ofl and water welle tellect the rela 
tionship between the Interetitial water pressure of the tock body and the delorma 
tion of and damage done to the tock tbody, slmilar to the twatottacturing of otf 
wells, An art hapiake, ite embhiyoni«c stage and ot tnaet » i a pt caren ol accmmmla 
tion, release and teadjustment of strain enernys and tn the perlormance curves of 
O}l and water wells if te ecxpteseed as 4 process of widen change and tenmpt ion to 
normal, theretote, anomalion ooourtting te ofl and water welle belore and alter the 
earthquake are closely telated to ite tremors and may be eed In earthquake pre 
dict lone. 
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AUTHOR: CHEN Binghua (7115 9921 5478) 
OW North China OL bleld 


Vivid: “On the Helatlonship between the Diet tribution of the Burledeliill O11 Flelde 
and the Evolution of Paleostructures and Paleoneomorphologicoal Features tn Central 
Nebel" 


SOURCE) Bel jing SHIYOU XUBBAO [ACTA PETROLEL SINICA) in Chinese No 4, 1980 
pp 49°55 


hx) OF ENGLISH ABSTHACTIO In reeent years, many burledehill ofl tields have been 
found in the middle part of Webel at depths of several thousand meters, villerent 
explanations of the formation and diatribution of these ofl fields have been ad- 
vanced, This paper attempts to deseribe the relatlonship between the inaide ot rue. 
tures of the buried hille, the characterisation of development of their paleopoo- 
morphological features and the distribution of the oll tlelds, based mainly on the 
abundant selemic and drilling data available, 


Data of deep welle drilled to the basement are integrated with aeromagnettle data, 
showing that the pre-Cambrian basement in central Hebel was an uplift at the early 
stage. The changes in the thickness of the Paleozoic and Mesozole strata beat 

witness to the process of development o° the inside structures of the burted hills 


[Cont inuation of SHIYOU RURBAO No 4, 1L9KU pp 49-55) 


and the time of their tormation by the end of the Mesozoic as a resull of two 
Lectontc movements, The different paleoxeomorphological landscape is the result 
of pre-lertiary truneations, The development of the inside structures of the 
buried bhille and the landforms is tound to be quite regular and has a close rela- 
tionship with the distribution of burled-hill oll tields, Of partioular interent 
in the NNE taulting whieh lasted very long and released enough energy to torm 
prominent paleogeomorphological features, It is also an important factor in the 
formation of the Tertiary ofl basins and distribution of burled-hill oll ftlelds, 
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AUTHOK) YANG Pelahan (2799 1014 1472) 
Li Gongeht [2621 O50) S112) 


ONT both of the North China Ob Field 
TITLE: = “Development of Carbonate Keeetvolte tn the hengiu Ob) bbela" 


SOURCKS Ber jing SHIYOU KURBAO [ACTA PRIHOLEL SINICA] tn 4, lon 
pp 97°64 


TEXT OF ENGLISH ABSTRACT) «Development of the Hengiu Ob) bleld otarted in i/o, 

lt te an Obl Cleld of (he burledehill type, with oll contained tn teservelte in 
the Wumishan formation of Sintan, bul generated trom the overlylan 
serves both a8 & source Took and 4 cap rook, The Wumlehan Cormatlon, totaling 
2100 meters thick, is a suite of dolomites with Tracturen aod Intergranular pores, 
The reservoirs, crosscrossed with laulte and Tractuten, have a unilied presmure 
syetem and ollewater contact, Welle ate cased to the tap of the reservelre and 
completed baretooted, Producers are bigh-ylelding, with dally production per well 
reaching several thndred to thousand tons, 


Thanks to the good int erocommmication in the teservolito, the low natural enerey 


in the reservolte to compensated tor by means of water tlooding trow the bottom Lor 
pressure maintenance, tor three yeare since tte appllicatton, pressure and ofl 


[Continuation of SHIYOU KURBAO No 4, 1980 pp 57-04] 


production have been kept constant, Observation welle are dillled tin the differen 
parts of the structure to wateh ofl and watet movement in the varlous stages of 
development, Howevet, testion in production and injection welle revweale that 
severe heterogeneity of phystoal properties of the tesetvolte exiete in parte of 
the oll tleld, whieh will certainly complicate prediction of ormance 
and make tt ditfieult tor us te contrel ofl and wate eovemen, 














AUTHOW) YUAN Virange ieee ANS 0245 
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ONL both of Shandong Univeraity 


Pivite | “On the Elemente of Twoephase (O11) and Water) Lamlactble Flow Diaplacement 
i oly aw" 


VOUKCK) Bel pia SHIYOU KURBAO [ACTA PRTHOLEL SINICA) tn Chinese No 4, 1980 
pp 65°76 


PRAT OF ENGLISH ABSTHACT® This paper deals with the tworphase lunlectble tlow 
displacement problem, Only elastic compression of the tooks ta taken into aceount, 
and no consideration te given to capillary aetion, 


The tintte element methods are applied in the solution of the pressure equatlon and 
the saturation equal tons 


9: (NOP) © Wa pt 
Vi cy) « ng de 


hor the solution of the saturation equation, the “prediot Lon-correct lon" methods are 
aloo used, Based on data trom the tlelda, modela have been devised tor predict ing 
performances of water-drive reservoite with very satlatactory reaulta, 


AUTHOK) WANG Kiuyuan (5769 0208 0997) 
WANG Chuanchu [5769 0278 2691) 


C4 WAN, Kiuyuan of the Inetitute of Mierobliolony, Chinese Academy of Sclencen, 
hel jingy WAN, Clhuanzin of the Selentifle Hesearch and Design tnatitute of Daqging 
Oil Field 


(111) "Miereblal Polysaccharide Produced trom Crude O11 and Ile Applicability 
in Secondary O11 Recovery” 


VOURCE: Bel jing SITYOU XUPBAO [ACTA PETHOLET SINICA] tn Chinese No 4, 1980 
pp 77°85 


(PRT OF ENGLISH ABSTRACT: | 6Thie paper deale with a atrain of bacterium brevibac- 
terium viecogenes nov, op. 74°20, which produces extracellular polysaccharide Crom 
crude oll an te tractions, The effects of ages of the tnooulum, several Kinds 

of crude ofl and thelt tractions, and contents of crude ofl on the synthesioa of 
polysaccharide were investigated, 








When crude of] was used ae the sole carbon source (C12 peroent, w/v) in 90 oF 240 1 
fermentore, 8,0 @/1 of polysaccharide were obtained, The changes of hydrocarbon 
components atter termentation were analyzed, They indicated that the bact ertum 
strain had mainly ul llized ne-alkane, 


Wo 











(Continuation of SHIYOU KURBAO No 4, 1980 pp 77°45) 


The fermented gummy solutton was diluted and used an a driving tluid tn laboratory 
soale model experiments, When the injeetion volume corresponds to 20 pereent of 
the pore volume, the secondary oll reeovery ia enhanced to about ¥ peroent of 
the initial reserves, 


AUTHOR: YANG Chenghan [2799 2110 5352) 
REN Jinying [0117 6990 5991) 


OWLS None 


Tithbes "The Characteriaticos of Hydraulics and Mixture in batching Product 
Pipeline” 


SOURCE: Bel jing SHIYOU XUEBAO [ACTA PETROLEL SINICA) in Chinese No 4, 1980 
pp 47-9" 


TEXT OF ENGLISH ABSTRACT: Due to differences in properties and tluctuat tons in 

the hydraulic performances of crude o11] and refined products in batching opera- 
tions, studies should be made of the complex process of the operational performances 
in the pump stations betore making the pipeline design, The guiding principles 

of technological designs involving reasonal le methods of transportation and regula 
(lon, @tc., are then determined, The concept of “cycle working range” ta used in 
this article in the analysis of hydraulle performances, 


The amount of intertace produced in batching products line presents some statin 
tical features, Mastery of these features can guide the distribution and treat 
ment of the mixture, By utilizing the formulas commonly employed very accurate 
resulta may be obtained in the calculation of the anount of interface, tut the 
effects caused by batching operations are not considered in those tormulas, ome 
examples cited in this paper explain the cases in detail, 


yl 














(Continuation of SHIYOU KURBAO No 4, 1980 pp LO/ 115) 


It hase been proved (halt thie procedure not only extends (he use of petroleum 
ftactiona enthalpy chart, but aleo has higher acouracy and le more conventent to 
use, 


9717 
CSO; 4009 END 











END OF 
FICHE 
DATE FILMED 


__\\\} 





